What skills make a difference in reading Chinese 5 naming predicted significant variance in reading beyond phonological awareness and morphological awareness but not orthographic knowledge. These results were in support of their hypothesis that the information inherent in a script is translated into the skills that are important in the development of reading abilities. Their results reflect the fact that "English is an alphabetic script in which written words reflect regularities based on sounds, meaning" (p. 109). Since the Chinese writing system represents sound and meaning differently from alphabetic languages, the kind of skills that are important to learning to read and write Chinese words are expected to be different from those found in alphabetic languages.
In contrast to the alphabetic writing system in which individual phonemes are represented by letters, phoneme-sized units are not represented in the writing system of Chinese. This may explain the findings that onset-rhyme awareness is more relevant to reading Chinese than phonemic awareness (Siok & Fletcher, 2001 ). So and Siegel (1997) found that performance on both tone and rhyme discrimination was highly correlated with word reading among grades 1 to 4 students in Hong Kong. Besides, the absence of direct symbol-sound correspondence in Chinese as in an alphabetic language system (Perfetti & Tan, 1998) limited the use of phonological recoding strategy and thus the role of phonological awareness in reading Chinese characters. This is in line with the findings that phonological awareness was comparatively less important in learning to read Chinese among children with developmental dyslexia and normal readers (Ho, Chan, Tsang, & Lee, 2002; Ho, Chan, Lee, Tsang, & Luan, 2004; Shu et al., 2006) . Instead, rapid naming, which in part tap the ability for arbitrary association between sound and script, was a robust predictor of Chinese word reading across the elementary grades and the most dominant type of cognitive deficits among Chinese children with dyslexia (Ho et al., 2002; Ho et al., 2004) .
What skills make a difference in reading Chinese 6 According to Castles and Nation (2006) , orthographic processing skills refer to the sensitivity to orthographic regularities in the language. While children learning to read alphabetic languages have to pay attention to the regularities of letter combination, children learning to read Chinese need to be sensitive to the regularities of character structure and the ortho-semantic and ortho-phonological regularities of the radicals. Knowledge of character structure was repeatedly found as a salient predictor of Chinese character reading among kindergarteners and early elementary grades children even after controlling for phonological skills (such as phonological awareness and phonological memory) (Chan et al., 2006; Ho, Chan, Chung, Lee, & Tsang, 2007; McBride-Chang & Ho, 2005) . Other studies showed that the visual complexity in Chinese character recognition goes beyond the configuration of characters. For example, adult and child readers were found to readily make use of the ortho-semantic and ortho-phonological regularities of the radicals to interpret the meaning and pronunciation of characters and pseudocharacters (Chan & Nunes, 1998; Chen, 1995; Cheung, Chan, & Chong, 2007; Flores d'Arcais, 1992; Hue, 1992; Shu, Anderson, & Wu, 2000; Zhu, 1987) . Some studies showed that semantic radicals are particularly potent in activating character recognition (Feldman & Siok, 1999) and influenced lexical decision performance (Li and Chen, 1999) . Ho et al. (2003) investigated extensively children's radical knowledge among grade 1 -grade 5
Chinese children in Hong Kong. They found that children's overall knowledge of the position, function, and semantic category of semantic radicals was associated more strongly with word reading and sentence comprehension than all other tasks assessing radical knowledge.
The fact that the Chinese character is simultaneously a visual whole, a syllabic unit and a morpheme (the unit of meaning) contrasts with the units of writing in alphabetic scripts, letters, which indicate sound only and have no dovetailed relation with meaning. The script-sound-meaning What skills make a difference in reading Chinese 7 convergence of the Chinese character can facilitate the process of understanding and retrieval of the meaning of multicharacter words as the component morphemes of multicharacter Chinese words provide meaningful cues (Hoosain, 1991) . Knowledge of morphemes allows children to have an educated guess when they encounter unfamiliar words in isolation or in a passage (McBride-Chang et al., 2003; Shu et al., 2006) . A series of studies conducted in Mainland China and Hong Kong showed that children's morphological awareness, including the ability to distinguish among meanings of homophones and morpheme construction skills, contributed significant amount of unique variance to Chinese word reading, word spelling and reading comprehension over and above phonological processing skills (McBride-Chang et al., 2003; Shu et al., 2006) . Moreover, explicit instruction in the morphological structure of Chinese words was effective in enhancing children's ability to write characters (Packard et al., 2006) .
Though there was substantial evidence showing the importance of phonological awareness, rapid naming, orthographic skills and morphological awareness in Chinese reading, they were rarely examined in the same study. The only one to date was the one-year longitudinal study by Tong, McBride-Chang, Shu & Wong (2009) . They found that orthographic skills and morphological awareness of children in the third year of kindergarten (Time 1) in Hong Kong predicted their concurrent Chinese word reading, spelling and reading comprehension and their word reading one year later (Time 2). Time 1 rapid naming was uniquely associated with concurrent word reading and Time 2 literacy measures of word reading, spelling and reading comprehension. Time 1 Phonological awareness failed to explain unique variance in the word reading and reading comprehension across time and was uniquely associated with subsequent spelling only. The present study was designed to replicate these findings by utilizing different measures of the same four reading-related skills among children of similar age.
What skills make a difference in reading Chinese 8 In addition, the unique and shared effects of orthographic skills and morphological awareness in Chinese word reading and spelling were examined by conducting commonality analyses (Pedhazur, 1982) . One possible implication of the script-sound-meaning convergence of the Chinese character was the close relationships between orthographic skills and morphological awareness in Chinese word reading. Research has also raised the need to clarify the relationships between these two closely related constructs. For example, radical awareness, the understanding of the role of semantic radicals, was conceptualized as a kind of morphological awareness (apart from morpheme awareness and homograph awareness) in the study by Li, Anderson, Nagy, & Zhang (2002) . Yet, radical has been shown to be an important orthographic processing unit in the study by Ho et al. (2003) and radical awareness is claimed to be directly related to orthographic processing (Wang, Cheng, & Chen, 2006) . It was hypothesized that there would be marked overlap among the contributions of orthographic skills and morphological awareness to Chinese word reading and spelling.
Skills important to text reading in Chinese
Research on Chinese word reading far outnumbered those on Chinese text reading. There is a paucity of literature on the skills that are important to learning to read Chinese texts. Other than phonological awareness, rapid naming, orthographic skills and morphological awareness, the present study ventures to examine the contribution of listening comprehension and syntactic skills, two skills postulated to be important to text reading in alphabetic languages, in Chinese text reading. Following Leong and Ho (2008) , Chinese text reading in the present study is conceptualized as the encoding and activating of relevant information which may or may not be stated explicitly in the text during the reading process. Two levels of text reading (sentence comprehension and passage comprehension) were examined.
What skills make a difference in reading Chinese 9 According to the "simple view of reading" (Gough & Tunmer, 1986; Hoover & Gough, 1990 ), reading comprehension is proposed to be equal to the product of decoding and linguistic comprehension (also referred to as listening comprehension) in alphabetic languages. Yet, the role of listening comprehension in Chinese reading was rarely investigated. One exception was the study by Wong (2006) which showed that both Cantonese listening comprehension and Modern Standard Chinese listening comprehension made significant and unique contribution to reading comprehension among Chinese children with dyslexia. The extent to which these findings can be generalized to normally-achieving readers is not known. In the Chinese language, the written form (Modern Standard written Chinese) is almost consistent while there are over 241 dialects spoken in China (Chung & Leung, 2008) . Researchers found that the linkage of oral language and literacy skills become weaker when the discrepancy between oral language and written language increases (e.g., Burke, Pflaum & Knafle, 1982; Troutman & Falk, 1982) .
Cantonese, the Chinese dialect spoken by the majority of Chinese in Hong Kong, differs in significant ways from Modern Standard written Chinese in both vocabulary and syntax. It is expected that the role of oral language skills, including listening comprehension, in literacy development among Hong Kong children is relatively less significant. The "triangle model extended" recently proposed by Bishop and Snowling (2004) is one of the few models incorporating both single-word processing and processing at the level of sentence or paragraph. On reviewing the evidence on the reading difficulties encountered by children with dyslexia and specific language impairment, Bishop and Snowling (2004) reinstated the importance of context in language processing. Two major components of context, syntactic skills and discourse skills, were highlighted. Research on the importance of syntactic skills in learning to read Chinese was scarce. Chinese is usually referred to an impoverished system of What skills make a difference in reading Chinese 10 grammatical morphology (Li, Bates, & MacWhinney, 1993) . There are no case markings, no tense suffixes, and no subject-verb agreement in terms of number or gender (Li, 1996) . According to Chang (1992) , word order is the single most important syntactic device for sentence interpretation in Chinese. Chen and Wong (1991) , and Chen, Lau and Yung (1993) showed that syntactic skills accounted for a substantial amount of variance in Chinese reading among grade 3 to grade 5 children in Hong Kong. So and Siegel (1997) showed that their oral cloze task which assessed children's understanding of acceptable word order in the absence of print was a strong predictor of word recognition in grades 1 to 4. Recent studies also showed that syntactic skills were significant predictors of reading comprehension among elementary grade students in Mainland China and Hong Kong (Chen & Chen, 2008; Chik et al., under review) .
Only a few of the six important reading-related skills (phonological awareness, rapid naming, orthographic skills, morphological awareness, listening comprehension and syntactic skills) were examined in previous studies on Chinese text reading (Leong, Tse, Loh, & Hau, 2008; Shu et al., 2006) . Comparatively, Tong et al.'s (2009) study was more comprehensive by incorporating rapid naming, phonological awareness, orthographic skills and morphological awareness. Still, none of these studies investigated syntactic skills and listening comprehension.
In the present study, all the six types of reading-related skills were incorporated. According to the "triangle" model (Seidenberg & McClelland, 1989) , the most prominent model on singleword reading, reading words primarily involves the computation of three types of codes: orthographic, phonological and semantic. Rapid naming, phonological awareness, orthographic skills and morphological awareness which are closely related to the computation of these codes were expected to be important to word reading. However, it was hypothesized that their contribution to text comprehension became insignificant after controlling for word reading. On What skills make a difference in reading Chinese 11 the other hand, listening comprehension and syntactic skills were hypothesized to be significant contributors to text reading after controlling for the effect of word reading with reference to the claim of the "simple view of reading" (Gough & Tunmer, 1986; Hoover & Gough, 1990) and the "triangle model extended" (Bishop & Snowling, 2004) respectively.
To summarize, the first aim of the present study was to examine the contributions of the four main types of reading-related skills (phonological awareness, rapid naming, orthographic skills and morphological awareness) to Chinese word reading and spelling when they were investigated in the context of one another. In particular, the unique and shared effects of orthographic skills and morphological awareness in Chinese word reading and spelling were examined. The second aim was to find out the types of skills that are important to Chinese text reading. Finally, based on the multiple regression analyses addressing the first and second aims, a model conceptualizing the interrelationships among the reading-related skills, word reading and text reading in Chinese was proposed.
Method

Participants
Participants were 290 first-grade students (146 girls and 144 boys) recruited from two local primary schools in Hong Kong with normal intelligence (mean IQ=110) and a mean age of 6 years 7 months. Cantonese was the medium of instruction for Chinese language in the two schools. It is noteworthy that children in Hong Kong mostly learn to read Chinese characters with a "look and say" method and there is no phonetic system, like Pin-yin in the Mainland China, to assist Chinese character learning.
Measures
General reasoning ability
What skills make a difference in reading Chinese 12 Participants' general reasoning ability was assessed by the Raven's standard progressive matrices. This is a standardized test for measuring nonverbal intelligence, including five sets of 12 items each. Each item consisted of a target matrix with a missing piece. The participants were required to pick, from six to eight alternatives, the best part to complete the target matrix.
Scoring procedures were based on the local norm established by the Education Department of The Hong Kong Government in 1986.
Oral vocabulary task
The vocabulary knowledge of each participant was assessed by asking him/her to name the objects and to describe what were happening in a colored picture of a classroom scenario.
Each vocabulary the participant named that was relevant to the context of the picture was given one mark. Repeated tokens of the same answer were not given additional marks.
Phonological awareness
A task modeled after rhyme detection subtest of the Hong Kong Test of Specific Learning Difficulties in Reading and Writing (HKT-SpLD) (Ho, Chan, Tsang, & Lee, 2000) was used to assess participants' rhyme awareness. In each trial, the participants were presented with three Chinese syllables through a computer audio system, along with their corresponding pictures to ease their memory load. The two target syllables share the same rhyme while the rhyme of the distractor syllable differs from the target syllables. The tone of the three syllables in each trial was the same. The onsets of the three syllables were different. The participants were asked to choose the target answers by circling the corresponding pictures. There were 12 trials (see sample items in the Appendix) and one mark was given for the correct answers in each trial.
Orthographic skills
The pseudo-character meaning judgment task used in the study by Ho et al. (2003) was What skills make a difference in reading Chinese 13 adapted to measure the children's overall knowledge of the habitual position, function, and semantic category of semantic radicals. In each trial, a pseudo-character was presented together with four pictures side-by-side (sample items appear in Appendix). Each pseudo-character was composed by one lexical or non-lexical semantic radical and one phonetic radical. The semantic radical occupies either the top, bottom, left or right position depending on their most common position in real words. Each picture holds a semantic association with a common semantic radical. The participants were asked to circle the picture which had a semantic association with the target semantic radical. To arrive at the correct answer, the participants need to identify the position and the semantic meaning of the target semantic radical. There were 16 trials and one mark was given for the correct answer in each item.
Morphological awareness
Participants' morphological awareness was assessed by a task modelled after the Morpheme Identification Test in the study by McBride-Chang, Shu, Zhou, Wat, and Wagner (2003) to assess children's ability to distinguish the meanings among homophones. In each item, three two-syllable Chinese words were orally presented to the participants and the words had an identical syllable at the same position (see sample items in the Appendix). One of the homophones has different meaning from the other two (e.g., election ( syun2 geoi2) / choice ( syun2 zaak6) / damage ( syun2 hoi6)). The participants were asked to identify the two words that had a syllable sharing the same meaning by circling the numbers (1, 2, or 3) assigned to the words according to the presentation order. No printed words were shown to the participants. To minimize the influence of orthographic knowledge, the written forms of most of the stimuli words were not commonly found in the printed materials for grade 1 students according to the Hong Kong Corpus of Primary School Chinese (Leung & Lee, 2002) . There
What skills make a difference in reading Chinese 14 were 15 items and one mark was given for each correct item.
Rapid naming
Participants' rapid automatized naming (Denckla & Rudel, 1976) was measured by a rapid naming of numbers task. The digits 1, 2, 5, 6 and 8 were printed in a 5 x 8 matrix on an A4 size paper. The participants were instructed to name the digits from left to right and from top to bottom as quickly and accurately as possible. They were asked to do the naming task twice. The average latency across the two trials was computed to the nearest 1/100 second and errors were recorded.
Listening comprehension
Participants' listening comprehension ability was assessed by a task in which three sentences and three stories were played to the participants through a computer audio system. After listening to each target sentence, the participants were presented with another three sentences and were asked to decide which of these best represented the meaning of the target sentence. As for the three stories, each story was followed by three types of questions -one on the literal information in the story, one on an inference based on the story and one on the theme of the story. There were three choices for each question. The length, topic and vocabulary used in the stories were similar to those commonly found in Chinese language textbooks for grade 2 students in Hong Kong. One mark was given for the correct answer to each question. An example is provided in the Appendix.
Syntactic skills
The oral cloze task adapted from So and Siegel's (1997) study was used to measure the participants' understanding of acceptable word order in the sentence structure. Nine audiorecorded sentences, each with one word missing, were presented to the child in the absence of What skills make a difference in reading Chinese 15 print (see sample items in Appendix). Three classes of missing words were used: nouns, verbs and adjectives. Instructions and the trial item were repeated (up to three times) until the child understood how the task should be performed. Then, the test sentences were presented. The responses were audio-recorded and scored according to their syntactic appropriateness on a fourpoint scale according to three aspects: part of speech, semantic meaning and conformity to Modern Standard Chinese.
Word Reading
The Chinese Word Reading subtest of the HKT-SpLD was used to assess the participants' word reading performance. The participants were asked to read aloud 150
Chinese two-character words in the order of graded difficulty. The test was discontinued when the child failed to read 15 words consecutively. One mark was given to each word correctly read.
Word Spelling
The Chinese word writing for dictation task was made up of thirteen two-character Chinese words selected from popular Chinese textbooks for first graders in Hong Kong (sample items appear in Appendix). In each trial, the participants were asked to write down the target word which was read aloud three times by the experimenter: first in isolation, then embedded in a simple sentence, and lastly on its own again. One mark was given for each correctly written character.
Sentence comprehension
Children's sentence comprehension ability was assessed by a cloze sentence task. There were twelve cloze sentences with a noun, a verb, an adjective or an adverb missing in each sentence (see sample items in Appendix). The participants were required to choose, from four choices, the word that best completed the sentence. All four choices in the same item were of the What skills make a difference in reading Chinese 16 same word class but were different in terms of meaning and usage. To arrive at the correct answer, the child needs to make use of and integrate the information available in each cloze sentence. One mark was given for the correct answer in each sentence. The participants were given two practice items before the testing ones.
Passage comprehension
The children were presented with three passages written for this task. The content and the length of the passages were appropriate to grade 1 students with reference to the textbook and reading materials written for grade 1 students in Hong Kong. Each passage was followed by three multiple-choice questions testing the participants' reorganization and inferential comprehension ability. Students not only need to use and combine information from various parts of the text but also need to combine their literal understanding of the text with their own knowledge and intuition for additional understanding. There were three choices for each question (see an example in the Appendix). One mark was given for the correct answer in each question.
Procedures
The tasks were administered to the participants in a number of group testing (around 60 minutes each) and individual testing (around 30 minutes each) sessions. Tasks on general reasoning ability, phonological awareness, orthographic skills, morphological awareness, listening comprehension, word spelling, sentence comprehension and passage comprehension were administered in groups. Tasks on rapid naming, syntactic skills and word reading were administered individually.
Results
What skills make a difference in reading Chinese 17 Descriptive Analyses Table 1 presents the means, standard deviations, reliability coefficients and ranges for the tasks undertaken in this study. In general, the reliability of the tasks in this study was acceptable with reliability coefficients ranging from .51 to .96 for most tasks, except for the listening comprehension task with a reliability coefficient of .38. Table 2 shows the correlations among age, IQ, oral vocabulary, the six reading-related skills and literacy measures in the study. Most of the correlations among the six reading-related skills were statistically significant, except that between phonological awareness and syntactic skills. The significant correlation coefficients among the six reading-related skills were in the range of .15 to .43 reflecting low to medium strength of relationships. The four literacy measures were more highly correlated with one another (rs > .42, ps <.001). All the correlations between the six reading-related skills and Chinese literacy measures were significant.
Correlation
Multiple Regression Analyses
To examine the first research question about the unique contribution of each readingrelated skills to Chinese word reading and spelling, two multiple regression analyses were conducted. In each regression equation, the control variables of age, IQ scores and oral vocabulary were entered in the first step. The variables of phonological awareness, rapid naming, orthographic skills and morphological awareness were entered into the equation simultaneously in the second step. The results of these analyses are shown in Table 3 with Chinese word reading and spelling as the dependent variables. Rapid naming, orthographic skills and morphological awareness each made unique contribution to both word reading and spelling. These significant predictors together accounted for 34% (F (4, 268) = 41.26, p < .001) of the variance in word What skills make a difference in reading Chinese 18 reading and 24% (F (4, 268) = 22.69, p < .001) of the variance in word spelling. Phonological awareness was not a significant predictor of word reading and spelling after controlling for the contribution by other variables.
To examine the unique and shared effects of orthographic skills and morphological awareness in word level literacy, commonality analyses (Pedhazur, 1982) with word reading and spelling as dependent variables were conducted. There were three blocks of independent variables. One consisted of the control variables of age, IQ and oral vocabulary. The other two were orthographic skills and morphological awareness. The commonality analyses results (Table   4) showed that both orthographic skills and morphological awareness accounted for a substantial amount of unique variance in word reading while morphological awareness accounted for the greatest amount of unique variance in word spelling. The shared variance of orthographic skills and morphological awareness was quite small, 0.023 for word reading and 0.001 for word spelling.
Two hierarchical multiple regression analyses with sentence comprehension and passage comprehension as the dependent variables were conducted to test the hypothesis that listening comprehension and syntactic skills had significant contribution to text level reading after controlling for the effect on word reading while phonological awareness, rapid naming, orthographic skills and morphological awareness did not have. In each of these regression equations, age, IQ and oral vocabulary were entered in the first step. To control for the effect of word reading, it was entered in the second step. The variables of phonological awareness, rapid naming, orthographic skills, morphological awareness, listening comprehension, and syntactic skills were entered into each regression equation simultaneously in the third step. Results were shown in Table 5 . Word reading accounted for 45% (F (1, 269) = 285.77, p < .001) of the What skills make a difference in reading Chinese 19 variance in sentence comprehension and 23% (F (1, 269) = 99.36, p < .001) of the variance in passage comprehension. After controlling for the contribution of word reading, all variables together accounted for additional 3% (F (6, 263) = 3.24, p < .01) of variance in sentence comprehension and 5% (F (6, 263) = 3.75, p < .01) of variance in passage comprehension. After controlling for word reading, only syntactic skills uniquely predicted both sentence and passage comprehension. Orthographic skills significantly predicted sentence comprehension and rapid naming significantly predicted passage comprehension.
A Model of Reading in Chinese
The associations among the variables and modeling Chinese reading at both word and Model 2 fits the data as good as that of Model 1 and is simpler than Model 1, it is the preferred model conceptualizing the interrelationships among the variables in the study.
Discussion
Important skills for word reading and spelling in Chinese
In the present study, the contribution of phonological awareness, rapid naming, Taken together, our results were consistent with Roman et al.'s (2009) proposal that the What skills make a difference in reading Chinese 21 information conveyed in a given script determines the skills important for reading development.
The less significant role of phonological awareness in reading Chinese words may reflect the fact that the smallest orthographic unit of Chinese is relatively coarse, less detailed phonological analysis is involved when reading it (Upward, 1999) . Naming Chinese characters are likely to involve automatic extraction of orthographic patterns and name retrieval from memory (Ho et al., 2002) , resembling the processes behind rapid naming. This is especially the case in Hong Kong where children learn to read Chinese characters by the "look and say" method. The significant contribution of orthographic skills, in terms of knowledge related to semantic radicals, to Chinese word reading is consistent with the general consensus that most Chinese semantic radicals provide a useful cue to the meaning of whole characters (Feldman & Siok, 1998) . The semantic cues offered by the semantic radicals facilitate children's ability to retrieve the sound of the character via the orthography-semantic-phonology pathway. Being able to locate the semantic radical in a character also means one could locate the phonetic radical (i.e., the non-semantic component) which provides cues to the pronunciation of the ideophonetic compound characters in Chinese. The findings on the important role of morphological awareness in Chinese word reading were consistent with previous studies by McBride-Chang and colleagues (e.g., McBride-Chang et al., 2003; Shu et al., 2006) . As suggested by Tong et al. (2009) , the pervasive number of homophones in Chinese makes phonological information relatively unreliable in identifying characters. Children's accuracy in character naming and spelling is likely to be closely related to children's awareness that identical sounds might represent different meanings in different word context, as assessed in the morphological awareness task in the present study.
The present findings also have implications for the conceptualization of Chinese reading in light of a connectionist account of reading by Plaut, McClelland, Seidenberg, and Patterson (1996) .
What skills make a difference in reading Chinese 22 Their general lexical framework for word reading proposed that orthography can influence phonology either directly or via semantics. There is a partial division of labor between a phonological pathway and a semantic pathway; both operate according to a common set of computational principles (see Plaut et al. (1996) for more detailed account of the differences between their model and dual-route theories). As learning continues, the phonological pathway is more adept in pronouncing consistent spelling-sound correspondences and the semantic pathway is more depended on in the pronunciation of words, especially exception words (Nation & Snowling, 1998) . Other than changes in reading experience, the interaction between the phonological and the semantic pathways is likely to be affected by the way written units are connected with the units of knowledge in different writing systems. The assembly of phonology in an alphabetic language system is not possible in Chinese as there is no direct symbol-sound correspondence and the phonological information obtained from the phonetic radicals is not segmental (Leong, Cheng, & Lam, 2000) . It is hypothesized that the semantic pathway should play a more important role in reading Chinese characters than in reading alphabetic languages. Two findings supported this suggestion. First, phonological awareness which facilitates the phonological pathway functioning was relatively less significant in reading Chinese characters. Second, our tasks tapping orthographic skills and morphological awareness are both closely associated with the semantic aspects of the language. The former not only assessed participants' knowledge about the positional regularity of the semantic radicals but also their knowledge about the semantic category signified by the semantic radicals. The latter measured children's understanding of the meaning represented by homophones.
These observations echoed the findings in Ho et al.'s (2007) study where the correlation between Chinese exception character and pseudocharacter reading (r = .83) was much higher than the correlation between English exception word and nonword reading (approximately .48 in Manis, What skills make a difference in reading Chinese 23 Seidenberg, Doi, McBride-Chang, & Petersen, 1996) . Unlike reading nonwords in English which primarily involves the phonological pathway, it was argued that Chinese pseudocharacters are mainly read by the lexical route (i.e., the 'semantic pathway') as the pronunciation of Chinese pseudocharacters can either be directly derived from the sound of the phonetic radical or indirectly from the sound of other characters containing the same phonetic radical.
A Model of Reading in Chinese
The present study ventures to propose a theoretical model (see Figure 2) reflecting the componential aspect of Chinese reading at word and text levels simultaneously based on the multiple regression analyses results. The overall fit of the proposed model was good. One novel feature of the present study was that the relationships among three levels of Chinese reading, namely word, sentence and passage were studied in the path model alongside with their relationships with reading-related skills. In the proposed model, word reading had significant effects on sentence comprehension and passage comprehension. Sentence comprehension had significant influence on passage comprehension. In general, the relationships among the readingrelated skills and the literacy measures in the proposed model of Chinese reading were consistent with the hypotheses. First, the model proposed that rapid naming, orthographic skills and morphological awareness had significant effects on word reading. Rapid naming and morphological awareness did not contribute to sentence and passage comprehension after controlling for the effects of word reading and other variables. These were in line with both the "triangle" models (Plaut et al., 1996; Seidenberg & McClelland, 1989 ) and the blueprint model of the reader (Verhoeven & Perfetti, 2008) in that the primary role of reader's representation of orthography, phonology, morphology and meaning is to facilitate the identification of individual words. Second, syntactic skills had significant effects on sentence comprehension and passage What skills make a difference in reading Chinese 24 comprehension even after controlling for the influence of word reading and other reading-related skills. This provides empirical support to the "triangle model extended" (Bishop & Snowling, 2004 ) which emphasized the importance of syntactic skills in text level processing. It also reiterate the prominent role of word order in signifying grammatical relations (Chao, 1968 ) and meaning at the sentence level in Chinese (Hoosain, 1991) . Still, previous studies investigating text comprehension using other research methods suggested that the significance of word order in sentence comprehension may change with ages. For example, Miao (1981) and Miao, Chen, and Ying (1984) showed that Chinese adults and most children relied more on semantic strategy (e.g., word meanings) than syntactic strategy (e.g., word order) in sentence comprehension. Yet, children of five to seven years of age relied more on word order cue in their comprehension of noun-verb-noun sentences, the canonical word order. The role of syntactic skills in Chinese reading development is likely to be a promising direction for future studies.
There were three findings that were not consistent with the original hypotheses. First, orthographic skills had a significant effect on sentence comprehension after controlling for the effects of word reading and other variables. In the study by Ho et al. (2003) , children's knowledge of the function and semantic category of semantic radicals was also significantly associated to sentence comprehension but word reading was not controlled in their analyses.
Semantic radicals are important cues to the meaning of compound characters in Chinese.
Knowledge of the semantic category of semantic radicals may contribute to the understanding of word meaning which in turn facilitates sentence understanding. By controlling for word reading, we only controlled for the participants' ability to read out but not their understanding of the words. Besides, this might imply that the semantic codes play a more important role in text comprehension in Chinese than in alphabetic languages. Compared to alphabetic languages, What skills make a difference in reading Chinese 25 Chinese language lacks inflections, and has less clear form-class classification and word boundaries. Readers have to pay more attention to the semantic relations of character sequence in reading Chinese than in reading alphabetic languages (Hoosain, 1991) . An alternative explanation is that the orthographic skills task is tapping an ability (e.g., word semantics) that has a significant effect on sentence comprehension. To verify these explanations, future studies incorporating a measure of word meaning are needed.
Second, listening comprehension did not have a significant effect on sentence or passage comprehension. Listening comprehension was postulated to be of great importance to reading comprehension in alphabetic languages. Though not in line with the "simple view of reading" (Gough & Tunmer, 1986; Hoover & Gough, 1990) for alphabetic languages, this finding supported the speculation that the linkage of oral language and literacy skills is likely to be weaker given the discrepancies between the oral language and written language used by Hong Kong Chinese children. Since the spoken form (Cantonese) and the written form (Modern Standard Chinese) denoting the same meaning can differ in significant ways, Hong Kong children may not be able to understand the meaning of the written form even if they could read out the written form. This inevitably limits the impact of children's listening comprehension skills on their reading comprehension. One point to note was that the reliability of the listening comprehension task was less than satisfactory. The abovementioned speculation has to be verified in future studies with more refined and reliable measures of listening comprehension.
Third, rapid naming was a significant contributor to passage comprehension after controlling for word reading and other variables in the multiple regression analyses. This is compatible with the proposal that automatic processing at the word level render more cognitive resources be available for comprehending the meaning of the text (Adams, 1990; LaBerge & What skills make a difference in reading Chinese 26 Samuels, 1974; Samuels, 1999) . It is possible that reading comprehension beyond sentence level is more cognitive resources taxing and thus is more sensitive to measures of automaticity. Still, these results need to be interpreted with cautions as the path between rapid naming and passage comprehension was not significant in the path analyses.
To sum up, these findings are consistent with the models of text comprehension (e.g., Bishop & Snowling, 2004; Perfetti, 1999) which suggest that text comprehension requires more than word identification. Other than word meaning, sentence structure is important in formulating hypotheses about the meaning of the sentence (Verhoeven & Perfetti, 2008) . This may explain why syntactic skills was closely related to reading comprehension. Researchers have also proposed other important contributors to text level processing, such as discourse skills (Bishop & Snowling, 2004) and verbal working memory . There are some recent attempts to validate these models on text comprehension in alphabetic languages (e.g., Hagoort, 2005; Perfetti, 2007) . Future studies examining text comprehension in Chinese along the same line are necessary for the formulation of universal models of text comprehension across languages.
Conclusion
Findings in the present study facilitate attempts to develop a more comprehensive view of learning to read Chinese at word and text levels and provide the empirical basis for formulating a clear framework for developing an effective literacy curriculum with core training components corresponding to the important skills identified. Studies on the effectiveness of training programmes on these reading-related and literacy skills will reveal possible causal relationships between these skills and the reading outcomes. Another theoretical question that still awaits further exploration is the nature of the ability revealed in rapid naming tasks, which plays such What skills make a difference in reading Chinese 27 an important role in learning to read Chinese. Wolf and Bowers (1999) cited studies showing that articulation rate (Scarborough & Domgaard, 1998) , global processing speed measures (such as symbol search, coding and cross-out tasks) (Kail & Hall, 1994; Kail, Hall, & Caskey, 1999; McBride-Chang & Kail, 2002) , and the interstimulus intervals or time between the articulation of the names (Obregón, 1994 as cited in Wolf & Bowers, 1999) What skills make a difference in reading Chinese 38 monkeys, whose names were Ling Ling and Ming Ming, in the zoo. When Ling Ling was about to eat its banana in the cage, someone called its name. But the banana was gone before its eyes while it looked up. After Ling Ling found this out, it shouted anxiously and searched for its banana everywhere.
Ming Ming was cachinnating and scampering outside the cage. Besides it, there was a banana on the ground. Siu Wai said to me, "Ming Ming is so bad. It won't let the others have the banana even it doesn't want it." 8a. _______________ Ling Ling's banana was gone because __________.
A. Note. Inter-rater reliability coefficient was computed for oral vocabulary. Cronbach's alpha coefficients were computed for phonological awareness, rapid naming, orthographic skills, morphological awareness, listening comprehension, syntactic skills, word spelling, sentence comprehension and passage comprehension. s: Standardized measure with good reported reliability. 
